Purpose: We explored the influence of age on clinicopathologic features and survival of patients with M0 gastric cancer (GC). Methods: 16856 GC patients from Surveillance, Epidemiology and End Results (SEER) database and 1037 GC patients from Chinese multiple centers were enrolled in the U.S. and Chinese cohort, respectively. 50-year-old was treated as cutoff age. Propensity score method was used to carry out a 1:1 paired match. Results: In the U.S. cohort, we found that younger patients presented poor tumor behavior. However, in spite of worse outcome in stage I~IV cohort, young group showed better 3-year survival in M0 patients, especially for those who underwent a total gastrectomy. In a matched analysis, a better prognosis was still observed in younger group. The prognostic value of age was also validated in M0 GC patients with gastrectomy in Chinese cohort. Conclusions: In spite of the worse outcome in survival curve of stage I~IV GC cohort, young patients with gastrectomy presented favorable survival in M0 subgroup. It is also applicable in China. Early diagnosis and treatment should be taken seriously in young GC patients since they often possess poorer characteristics but benefited more from gastrectomy.
Introduction
Gastric cancer (GC) is one of the leading causes of cancer-related death around the world [1, 2] . While old age is known as a significant risk factor for GC, more than half of GC patients are over 60 years old and the median age at diagnosis is 70 years [3] . Decades ago, GC was the most common cancer throughout the world [3] . Recently, the overall incidence of GC has steadily declined due to an outcome of advances in the management of gastrointestinal carcinoma. However, the incidence rate of GC in the population younger than 50 years has inversely increased [4] . This could be explained by the fact that GC routinely screening in population aged 50 and younger has not been taken seriously in clinical practice [5] .
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It's been reported that younger patients tend to have following typical characteristics. Helicobacter pylori infection, family history, diffuse type, and poorly differentiated tumor were more frequent in the young patients rather than the elderly patients [6] [7] [8] [9] [10] . Meanwhile, a controversial issue is whether age is a prognostic factor of gastric cancer. Many studies have reported that young patients with GC had a worse prognosis than their elderly counterparts [7, 11] . However, other reports presented that the survival of young GC patients was as good as or even better than elderly patients [12] [13] [14] [15] . These diverse findings between their small-sample studies could be explained by the neglect of screening and early detection of GC in the younger population. On the other hand, it has been found that young patients also have a better tolerance of surgeries and a stronger will of treatments [16] . Moreover, as the elderly population remains predominant amongst GC patients, most studies compared a smaller number of young patients with a much larger number of the elderly. This gave rise to a bias between two unbalanced groups [14] . We suggested that the tendency to metastasis in younger GC patients contributed to a poorer outcome. To verify our hypothesis, we observed the cancer-specific survival (CSS) in different age groups of GC patients and focused on the age-stratified survival of non-metastatic (M0) GC. To explore if younger patients had unique clinicopathological and outcome, we used the data from Surveillance, Epidemiology, and End Results (SEER) database to analysis the effect of age on M0 GC.
As we know, the highest incidence rate of GC occurs in Eastern Asia while the lowest is in Northern America [17] . In the meantime, the prognosis for gastric cancer is better for patients in the U.S. than in Asia [18] . Considering the various incidence and mortality rates, the results of analysis based on population in U.S. aren't applicable in Asia without validation.
For this reason, we assessed clinicopathological data from a multicentric Chinese cohort, and performed survival analysis to explore whether the findings of this study can be applied in China.
Materials and Methods

Patient selection in the U.S. cohort
Surveillance, Epidemiology, and End Results (SEER) database released in April 2017 was used as our data source. The SEER database is publicly available for studies of epidemiology and health policy. It covers almost 30% population in the US and consists data from 18 population-based registries 
Variables in the U.S. cohort
Outcomes of interest in SEER database were overall, cancer-specific and other-cause mortalities. Cancer-specific survival (CSS) was calculated from the date of GC diagnosis to the date of death attributed to GC. Deaths attributed to GC were treated as events. Patients who died from other causes or were still alive at the time of the last follow-up were treated as censored observations and 31 December 2012 was taken as the follow-up cutoff date of our study.
We extracted following information of patients from the SEER database: age at diagnosis, sex, race, marital status, histological type, primary site, TNM stage, depth of invasion, lymph node involvement, cause of death, histological grade, surgery, and radiotherapy. Age 50 at diagnosis was treated as a cut-off age because population aged 50 and younger lacked routinely screening and was reported to have high-frequency microsatellite instability [19, 20] . Race was classified as white, black, American Indian or Alaska Native, Asian or Pacific Islander, and others. Marital status at diagnosis was categorized into married, single, divorced or separated, and widowed groups. Data of histological types, histology grade and primary site were coded according to ICD-O-3. Data of stage, depth of invasion, and lymph node involvement were all restaged according to the 7th edition of AJCC Cancer Staging Manual [21] . 
Patient selection in Chinese cohort
Variables in the Chinese cohort
Overall survival (OS) was defined from the date of diagnosis to the date of death. Patients were followed up until death of any cause or our study end, except for those lost to follow-up. Information gathered for China patients included age, sex, Lauren classification, depth of invasion, lymph node involvement, primary site and grade. After collecting data, these variables were coded and categorized. Patients younger than 50 were classified into young group and the others were in old group. Grade I and II were grouped as well/moderately differentiated, while grade III and IV as poorly differentiated/undifferentiated.
Statistical Analysis
Baseline characteristics of patients and tumors were compared across age groups by Pearson chi-square test (categorical data), and Wilcoxon-Mann-Whitney test (ranked data). The CSS rate was calculated by Kaplan-Meier curve, and differences between curves was clarified by Log-rank (Mantel-Cox) test. Multivariate Cox proportional hazard models were applied to determine factors related to survival outcomes with adjustment for possible confounders, and HRs with 95% CIs were calculated. We presented a forest plot to summarize the hazard ratios of elderly versus young group in subgroups by univariate Cox regression analysis, as well as demonstrate each prognostic factors effect on survival.
Considering diverse factors across age groups, we carried out a matched case-control analysis. Psmatch2 was used to match each young patient to one elderly patient, according to race, sex, histological grade, TNM stage, and histological types. As an extension packages in Stata, psmatch2 is designed for the propensity score matching method. We used Stata statistical software, version 12.0 (StataCorp, College Station, TX) to perform all the statistical analysis. Two-sided P values <0.05 were considered statistical significance.
Results
Baseline Characteristic of patients
According to the inclusion criteria, we finally enrolled 16,856 eligible GC patients from SEER in our study. Sex, race, marital status, histological type, primary site, TNM stage, depth of invasion, lymph node involvement, histological grade, surgery, and radiotherapy showed differences between the young (18 -49 years old) and the elderly group (≥ 50 years old). The detailed information was shown in Table S1 . Among them, 12,216 patients at M0 stage were enrolled in our following study. 1338 (10.95%) patients were in the young group and 10,878 (89.05%) were in the elderly group. The median follow-up time to check up on patients was 21 (9 -48) months and 16 (5 -41) months in the young and the elderly group, respectively. There were significant differences in sex, race, marital status, histological type, primary site, TNM stage, depth of invasion, lymph node involvement, histological grade, surgery and radiotherapy between the young and the elderly groups. The younger patients presented with a higher proportion of differing characteristics such as female, black, married, single, lymph node involvement, deeper invasion, diffuse carcinoma and signet ring cell carcinoma, stage II & III, and grade III & IV, than the elderly patients. Total or total gastrectomies and radiotherapies were more frequently performed on the younger patients. Patient demographics, pathological characteristics of tumors and treatment types based on age are summarized in Table 1 .
Additionally, 1037 multicentric Chinese M0 GC patients diagnosed from 2000 to 2012 were included in our Chinese cohort and 23.53% of them were younger than 50 years. Female, shallower invasion, lower site and poorer differentiation were observed in young patients, which were all presented in Table 2 .
Effect of Age on Cancer-specific Survival in the U.S. cohort
The unadjusted CSS by age in stage I~ IV GC patients in the U.S. cohort was calculated by Kaplan-Meier curves. The 3-year CSS in the young and the elderly patients was 38.36% and 42.18%, respectively. It was shown that elderly patients had a significantly better prognosis in the univariate log-rank test (P < 0.001). ( Figure 1A ) Then, we used Kaplan-Meier curve to determine the CSS of patients with M0 GC in Figure 1B . The curves showed that the CSS was significantly different according to the univariate log-rank test (P=0.005), and that the young patients had improved their CSS rather than the elderly (Table 3 ). The 3-year CSS rate was 56.6% of patients in the young group and 52.77% of patients in the elderly group. Then, we performed Cox regression to adjust all significant factors in multivariate analysis and confirmed that some of them were still independent prognostic factors for CSS, including age, primary site, race, marital status, grade, histological type, TNM stage, surgery and radiotherapy.
Subgroup Analyses
Further univariate subgroup analyses for M0 GC were shown in Figure 2 . A forest plot of hazard ratio (HR) was made to present an exploratory subgroup analysis for CSS. In some subgroups with wide confidence intervals (CIs) covering 1.00, HR had no statistical significance and age failed to be a risk factor. These subgroups could be identified as considerable confounders for effect of age in survival of patients with M0 GC. Among them, surgery was chosen as our candidate subgroup for further exploration.
Stratified Analysis of Age on Cancer-specific Survival According to Surgery
In order to make sure whether the survival advantage of young patients in M0 GC still existed after different surgical selection, we then carried out further exploration on the different prognosis between the young and the elderly patients in each subgroup of surgery. We made an analysis of the differences of age on 3-year CSS according to surgery. Kaplan-Meier curves are shown in Figure 1C , Figure  1D , and Figure 1E . For patients who received total or near-total gastrectomy, it was shown in Table S2 that the younger patients have a better CSS than the elderly patients by the univariate log-rank analysis (P=0.021). However, age was not significantly more associated with CSS for patients who received no surgery or non-total or non-near-total gastrectomy. After adjusting the possible confounding factors in the multivariate Cox regression analysis, advanced age was defined as an independent risk factor for CSS in the subgroup of M0 GC patients who received total or near-total gastrectomy (Ref: <50; ≥50: HR=1.34, 95% CI=1.11-1.62, P=0.003).
Survival Analysis in Matched Group
In our study, the numbers of young patients were much less than the elderly patients (1338 vs 10878). In order to rule out the interference of difference in baseline characteristics between the two groups, we performed a 1:1 matched case-control analysis and matched each young patient to one elderly patient. By this propensity score matching method, we enrolled 2676 patients and 1338 for each age group. The median follow-up time for patients were 21 (9-48) and 20 (7-74) months respectively. There was no statistically significant difference in sex (P=0.938), race (P=0.965), histological type (P=0.926), primary site (P=0.949), TNM stage (P=0.999), and histological grade (P=0.943) between the two groups. The detailed demographics, pathological characteristics of tumors and treatments received are shown in Table 4 . Furthermore, the younger group (56.6%) demonstrated a better 3-year CSS than the elderly (48.76%) (Figure 3 (Table S3 ). This outcome proves that our original analysis was credible. 
Survival analysis in Chinese cohort
To confirm that younger age is still a protective factor of survival for M0 GC patients with surgery in China, we further make survival analysis in Chinese cohort. The Kaplan-Meier curves by age were shown in Figure 1F . Young patients had a significantly better overall survival than old patients (71.44% versus 52.90%) in the log-rank test (P<0.001). After adjusting for age, Lauren classification, depth of invasion, lymph node involvement, site and grade, age was still an independent prognostic factor while old patients had poorer outcome than young patients (Ref: <50; ≥50: HR=1.79, 95% CI=1.39-2.307, P<0.001), which accorded with the result in the U.S. cohort (Table 5 ).
Discussion
The occurrence of GC is generally regarded to be relevant to the age of the patient and it usually occurs in people aged over 50 years old. Previous researches reported that the proportion of young patients with GC ranged from 2% to 15.1%, according to different cutoff-age criterion [3, 12, [22] [23] [24] . In this study, we treated 50 years as the cutoff age and those younger would be classified as the young group. This study has also showed that the proportion of young age in M0 GC was 10.95% in the U.S. cohort and 23.53% in Chinese cohort. A great number of studies have focused on the influence of age on cancer. Anders et al. reported that young patients with castrate-resistant prostate cancer showed a worse survival rate despite having fewer comorbidities and a better performance status [25] . Colorectal cancer arising in young patients was reported by Varma et al. to be correlated with an unfavorable prognosis and a higher frequency of mucin-producing tumors and advancement to terminal stages [26] . Cavanaugh-Hussey et al. observed that a younger age was associated with a higher incidence of sentinel lymph node metastasis but a higher survival advantage in melanoma patients [27] . Genetically, it was reported that age at breast cancer diagnosis adds a layer of genomic complexity beyond pathological and clinical variables, including the pattern of somatic mutations, chromosomal copy number variations (CNVs) and transcriptomic profiles [28] .
In regard to gastric cancer, most studies reported that young patients presented poorer pathologic behavior and a worse survival rate than elderly patients. Tavares et al. reported that the 5-year survival rate of younger patients with GC was significantly less than elderly patients, along with higher proportions of poor differentiation and advanced stage found in the young group [7] . Isobe et al. had reported similar conclusions as Tavares et al [11, 29, 30] . On the contrary, some other research drew different conclusions. Eguchi et al. showed that younger patients with GC had a better, or at least not worse prognosis than elderly patients [9, 15, 31, 32] . However, the statistical significance of most studies was limited by a small size of samples and unbalanced groups. Moreover, considering the difference of incidence and outcome, the analysis based on data of U.S. may not be applicable in Asia. In a multicentric retrospective analysis, we compared the clinicopathological characteristic and survival between young and elderly patients, as well as by using the propensity scoring method to match younger and older patients. The prognostic value of age was validated in patients from the U.S. and China.
In the U.S. cohort, we found that the young GC patients presented unique characteristics, which included more proportion within the group of female and black than the elderly patients, with the addition of poorer histological behavior, including diffuse carcinoma, deep invasion, lymph node involvement, distant metastasis, poor differentiation and advanced stage. Elderly GC patients presented better survival in the stage I~IV GC cohort, which probably was associated with their favorable histological phenotypes. Results from this study showed that young age acted as a worse unadjusted prognostic factor of CSS in the stage I~IV GC cohort, but a better one in M0 GC. After adjustment, young patients with M0 GC still had an independently better prognosis, especially for those who underwent total gastrectomy. These unique characteristics and survival had a variety of potential underlying etiologies. Neglect of screening in the young population contributes to their advanced stage at diagnosis. This is partly related to the fact that surveillance endoscopy programs were not yet established to identify young GC patients at an earlier stage in US, due to the smaller amounts of youth in GC patients [3] . Young patients with GC were reported to have less frequency of alarm symptoms, which led to a delayed diagnosis as well [33, 34] . Lower male/female ratio in the young group could be explained by hormonal factors, particularly the harmful role of estrogen [35] [36] [37] [38] [39] . More lymph nodes involvement, poorly differentiation and diffuse type were also presented in young patients. A possible molecular mechanism is that GC in young patients is associated with microsatellite instability (MSI) and loss of heterozygosity (LOH) [40, 41] . Moreover, familial gastric cancer is always accompanied by youth oriented tendency and poorer differentiation. Huntsman et al. reported that germ-line truncating mutations in the E-cadherin (CDH1) gene played a role in diffuse type of GC which is more common in younger patients [42] . Although these factors, including delayed stage and poor histologic grade, were defined as independent poor prognostic factors in our multivariate Cox analysis, young patients with M0 GC had a better 3-year CSS. The opposite role of age on unadjusted CSS revealed that the tendency to metastasis in young GC patients contributed to the poor outcome. To determine underlying mechanisms accounting for a better survival of young patients with M0 GC, we performed subgroup analyses in a forest plot. Age didn't act as a risk factor in some subgroups, which were considerable confounders for age on survival of patients with M0 GC. Among them, surgery was chosen for further research.
Next, we explored if the tendency to undergo surgery contributed towards a better survival in young patients with M0 GC. The percentage of not receiving surgery was 15.25% and 19.56% in the young and the elderly group, respectively. However, after the adjusting of surgery and other confounding variables in multivariate Cox analysis, the survival of young patients still showed a significant advantage over elderly patients. We then investigated whether the effect of age on CSS maintained in surgery-stratified analysis. There was no significant difference in CSS between young and elderly patients for those who underwent non-near-total gastrectomies or those who didn't receive any surgeries. Nonetheless, it was found that young age was an independently protective prognostic factor in patients who underwent total gastrectomy by both univariate and multivariate analysis. These findings could be explained by the fact that younger patients with total gastrectomies had better physiological and psychological conditions, which could compensate poorer histology features [15] . Elderly patients are more likely to suffer from many chronic diseases, such as hypertension, diabetes and heart disease, which contribute to their poorer physiological status. Additionally, some elderly patients may be unwilling to receive active treatments. Generally, a fine general status is essential to the chemotherapeutic tolerance and the progression of postoperative recovery. On the contrary, overall condition probably played less of a role in the recovery procession of patients with non-near-total gastrectomies or no surgeries.
In order to reduce a selection bias arising from an imbalance between ages, we carried out a propensity score matching method. After 1:1 matching of young patients with elderly patients by race, sex, histological grade, TNM stage and histological types, we excluded the bias owing to inequality between the two groups. In this way, the younger patients have almost the same distributions of selecting covariates as the matching subset of the elderly patients. Younger patients still showed a better outcome than the elderly patients in CSS after the matching up.
Additionally, we would like to determine if the results of our study are limited in the U.S. We enrolled patients from Chinese institutions and performed analysis in M0 GC patients with gastrectomy. Although the proportion of young group was larger than in the U.S. cohort (10.95% versus 23.53%), poorer differentiation and better overall survival of young patients were also observed in Chinese cohort. Due to lack of information, OS, instead of CSS, was treated as the outcome of interest in Chinese cohort. Besides, gastrectomy wasn't divided into non-total and total gastrectomy. However, it indicates our finding, that young patients tend to survive longer especially after surgery despite poorer tumor behavior, can also be applied in China. This is the first retrospective study on a large scale that is focusing on the age-stratified analysis of M0 GC in U.S. and China. Accordingly, our study inevitably has several limitations. Firstly, we didn't adjust some therapeutic confounding factors including chemotherapy or quality of surgery due to the lacking information. Secondly, comorbidities aren't reported in SEER, which may influence the survival and treatment of those affected. Thirdly, Due to lack of data, OS was treated as the outcome of interest instead of CSS while gastrectomy wasn't divided into non-total and total gastrectomy in Chinese cohort.
Notwithstanding the above limitations, our study adds to current knowledge by demonstrating the unique characteristics and survival of younger patients with GC. In U.S. cohort, younger groups showed poorer histological behaviors, advanced terminal stages, higher rates of surgeries and better survival than the elderly in patients without metastasis, in spite of the worse prognosis shown in the survival curve of the stage I~IV GC cohort. The different role of age on unadjusted CSS could be explained that the tendencies to metastasis in young GC patients contributed to the worse outcome. Based on data from multiple Chinese centers, it is validated that the conclusion, that young patients with M0 GC tend to survive longer than the elderly after gastrectomy despite poorer tumor behavior, can be also applicable in China. Furthermore, we predicted that the favorable prognosis in younger patients with M0 GC, which was controversial in previous researches, might be a result from a better overall condition acting on progression of postoperative recovery and a tolerance to subsequent chemotherapy. More attention should be paid to advanced screening and early diagnosis in younger patients with GC, since they presented poorer tumor behavior and benefited more from gastrectomies, compared with elderly patients. Considering that unique genetic changes including MSI, LOH and germ-line truncation play a vital part in this phenomenon, it is necessary to instill great importance to take preventive measure of early onset of gastric cancer, including detailed family surveys, genetic testing for high-risk populations, early detection of CDH1 mutations, and preventive gastrectomy for stomachs with canceration tendencies. Developing novel diagnostic biomarkers for gastric cancer is also essential in the future [43] . 
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